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ABSTRACT: 
Large quantities of petrified wood occur in the Paleocene Sentinel Butte Formation in 
western North Dakota. An examination of this petrified wood has provided information about 
modes and degrees of fossilization, silica phases present, organic structure preservation, and 
parent tree type. In the study site, fossilized tree stumps were concentrated along one 
continuous clay horizon. Twenty petrified wood samples were obtained. Five representative 
samples were chosen for thin section characterization. Microscopic analyses revealed well 
preserved plant structures including rays, tracheids, and growth rings. These structures were 
suitable for identifying parent tree type, which was determined to be a gymnosperm. Silica 
phases involved in the petrification, include microcrystalline quartz (chert), fibrous chalcedony 
and megaquartz. Silica fills tracheids and also pervasively replaces organic material. 
Permineralization is the dominant mode of fossilization observed, with silica filling tracheids 
and other plant voids. Replacement of original plant material by silica is also seen. Larger 
fractures or veins are filled gradually with microcrystalline quartz, chalcedony, and megaquartz. 
Loss on ignition data supports the interpretation that observed plant structure retaining an 
organic composition. Variability observed in hand samples caused by differences in degree and 
types of fossilization. Laboratory analyses were conducted to determine if the continuous clay 
horizon containing the petrified stumps is a bentonite. 
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INTRODUCTION: 
Purpose 
The main goal of this study was to gather information about Sentinel Butte petrified 
wood by hand sample and thin section characterization . The determination of plant structures, 
silica phases, and modes of fossilization were discovered and are thoroughly explained. Local 
lithologic units are also of interest because they give insight into the preservation of the 
petrified wood and environmental conditions of the Paleocene. 
Questions to be addressed include 
1.) What are the silica phases that are present within the collected samples? 
2.) What modes of fossilization are present in Sentinel Butte petrified wood? 
3.) Does original organic material exist in Sentinel Butte petrified wood? 
4.) Does Sentinel Butte petrified wood represent an angiosperms or a 
gymnosperms? 
5.) Is the host bed for collected samples a bentonite? 
Little information exists regarding the nature of petrified wood from the Sentinel Butte 
Formation. This project is intended to act as a catalyst for future projects to be conducted in 
western North Dakota. 
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GEOLOGIC SETTING STUDY AREA: 
The Sentinel Butte Formation constitutes approximately one third of North Dakota's 
surface exposure. It is exposed best along the river banks of southwestern North Dakota and in 
particular along the Little Missouri (Forsman, 1985). 
The study site is located in T.146 N., R.101 W., Sec.25, N. 1/2, approximately 15 miles 
south of the North Unit of Theodore Roosevelt National Park and 20 miles west of the town of 
Grassy Butte, ND (Figure 1). Four geologic units dominate the study area. These are the 
Sentinel Butte Formation (Paleocene), the Bullion Creek Formation (Paleocene), upper Tertiary 
sediment, and river terrace deposits (Quaternary) (Clayton, 1980) (Figure 2). 
The collection site stratigraphy consists of 30 feet of Basal Sentinel Butte Sandstone. It 
is primarily grayish-brown in color, contains concretions, is iron stained and is supported by a 
silty sand matrix. Further up section, a 5 foot lignite lens is apparent below a 30 foot grayish 
brown clayey silt horizon. Above is a 20 foot reddish scoria lens followed by 25 feet of inter-
fingering silty clay and sand lenses (Figure 3). Immediately above, a grayish clay, 
approximately 20 feet in thickness, was noted to contain an abundance of petrified stumps. 
Further up section approximately 25 feet of silty brownish-gray clay lenses exist (Figure 4). 
All samples were collected from the Sentinel Butte Formation. 
-------------------
Generalized fv1ap of North Dakota 
McKenzie County 
North Unit of Theodore 1 ::>o 
Roosevelt National Park 
Study Area 
Figure 1. Relative location of study site (McKenzie Collllty: T.146 N., R 101 W., Sec. 25, Nl/2). 
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Figure 3 Bottom Half of Measured Stratigraphic Section. (note Basal 
Sentinel Butte Sandstone) 
Figure 4 Top Half of Measured Stratigraphic Section. (note clay horizon and 
petrified stumps) 
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PREVIOUS WORK: 
Sigleo (1979) suggests that isolation and identification of degraded lignin compounds of 
200 million year old petrified wood in Petrified Forest National Park, AZ indicates silicification 
occurs by permineralization in which exposed wood serves as a template for silica deposition. 
The main source of the silica in the Petrified Forest comes from montmorillinite (altered 
volcanic ash). Ash hydrolysis forming clay minerals occurs during the weathering process, 
wherein silica ions are released into groundwater. These ions then precipitate onto the wood 
template thus causing fossilization (Sigleo, 1979). 
The identification of lignin compounds indicates that silicification is an impermeation 
process. Sigleo (1979) suggests that the most probable mechanism for the initiation of wood 
silicification is hydrogen bonding of functional groups in cellulose and silicic acid. The 
retention of cell walls, and the silica preservation of lumins and bordered pits, indicates that the 
wood was preserved while it was still relatively in tact. The organic material (lignin) was 
oxidized and eroded form noncarbonaceous parts of the sample subsequent to mineralization. 
In another study, Sigleo (1978) suggests that organic material was retained during 
mineralization. Tracheid walls consist of cellulose (-50.0%), hemicellulose (20-30%) and 
lignin (15-30%). Within the cellular wall, lignin provides a rigid structure that is resistant to 
impact, bending, and attack of microorganisms. Also, X-ray diffraction analyses of silica 
concentrations included clear peaks of alpha quartz, indicating chalcedony, and 
cryptocrystalline quartz. 
Knauth (1993) suggests that silica has always been a common precipitate in seas, lakes, 
rivers and soils. Textural transformation from microquartz to megaquartz represents declining 
silica concentrations and/or slower crystal growth during cavity infilling possibly due to 
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decreasing permeability and diminished flow of diagenetic fluids as the cavity fills with the 
silica phases. 
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METHODS: 
Field Reconnaissance: 
Petrified wood samples were collected from a clay horizon that was approximately 80 
feet above the Basal Sentinel Butte Sandstone. Approximately 20 petrified wood samples were 
collected in random areas (Figure 5, Appendix A & B). 
Petrographic Analyses: 
Of the twenty samples retrieved, five representative samples of the petrified stumps 
based on color, and the apparent silicification, were sent to Quality Thin Sections in Tucson, 
Al for thin section preparation. A Nikon Optiphot-POL petrographic microscope with 2x, 4x, 
1 Ox, and 1 OOx and objective lenses and 1 Ox ocular lenses was utilized to thoroughly describe 
texture and composition in plain polarized (PP) and cross polarized (XP) light. Also, slides 
were photographed at various magnifications to most appropriately document structures and 
silica phases. 
Loss On Ignition: 
The Loss on Ignition (LOI) method was used to determine organic content of 2 samples 
of petrified wood. This method was applied to sample 8 slide 5 and sample 10 slide 3. The 
procedure involves dehydration of the sample by baking in an oven at 100 °C. The sample is 
then weighed to determine% moisture. The sample is finally baked in an oven at 760 °C to 
burn off organic materials. The % LOI (% organic content) is then determined. 
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X-Ray Diffraction: 
A 20 gram sample from the clay horizon discussed above was prepared for X-Ray 
Diffraction by the following procedure: The sample was placed in a beaker which was filled 
with distilled water. After soaking for 24 hours, the sample was then mixed with a magnetic 
mixer for 5 hours. The material was allowed to settle. Approximately 25 ml was removed 
from the surface and placed in another beaker and left to settle for 24 hours. A clear pipette 
was used to extract a sample of the <2µm fraction, from just under the meniscus. The sample 
was placed on a glass slide and was left for 24 hours. After evaporation had occurred the 
sample was glycolated for 24 hours. An X-ray diffraction analysis was then completed using 
the Geology and Geological Engineering Department's apparatus. The same procedure was 
completed for the known Sentinel Butte bentonite for comparison with the clay horizon sample. 
Grain Mounts: 
Grain mounts were prepared on the clay horizon from which petrified stumps were 
obtained (sample 2), and on an associated white more silty material (sample 1). Glass slides 
were obtained and index of refraction liquid (1.54) was placed on the slide. Sample 1 was then 
carefully sprinkled into the solution on the slide and the sample was spread out over 1 square 
centimeter area. A small cover slip was placed over the material. Sample 2 was prepared for 
grain mount by placing it in a 250 ml beaker, adding water and mixing the material with a 
magnetic mixer. After it had been adequately flocculated, the clay was decanted out until only 
the most silty material remained. The water was allowed to evaporate, and the same method for 
grain mounts was used as per sample 1. Both samples were then observed through a 
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mtcroscope. Grain mounts of known Sentinel Butte bentonite and ash were prepared for 
comparison to collected samples. 
Hydrometer Analyses: 
Hydrometer analyses were performed to determine the grain size distributions present in 
samples l and 2. Approximately 40 grams of dried material was placed in solution. Calgon was 
then added to disaggregate the sample. Then it was placed in a mixer for approximately 1 
minute, after which it was poured into a graduated cylinder for approximately 2 hours and 40 
minutes, and read using a hydrometer. Then the sample was wet sieved over a# 230 sieve and 
oven dried at 120C. Finally, it was sieved using the #230, 18, 10 sieves. 
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RESULTS 
Petrographic Analyses: 
Phases of silica (microcrystalline quartz, chalcedony, and mega quartz) (Appendix C) 
and the presence of cellular structure (Appendix D) were readily observed in thin section. 
Microcrystalline quartz (chert) is the dominant silica phase, usually present in the 
centers of tracheids. Chalcedony occurs usually in veins and fractures as well as in conjunction 
with chert. Megaquartz occurs in conjunction with chert and chalcedony. It is normally seen in 
veins displaying a gradational trend from megaquartz in the center to chert and then into 
chalcedony along the perimeter (Figure 6). 
Plant structures are readily apparent and include tracheids, rays, and growth rings 
(Figure 7). Rays and tracheids are very well preserved structurally and appear to have a light to 
dark brownish-gray color seen in the walls. Growth rings appear to have a brownish honey 
color, and are very well defined in plain polarized light (Figure 8). 
Loss on Ignition: 
The loss on ignition method completed on sample 8 slide 5 and sample 10 slide 3 
suggested that organics may have been burned off. Sample 8 slide 5 produced 16.54 percent 
LOI and Sample 10 slide 3 produced 1.3 percent LOI. 
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Figure 6 Sample23 slide 7. Phases of Silica (chalcedony, microcrystaline 
quartz, megaquartz) l Ox objective lens, Cross Polarized Light 
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Figure 7 Generalized lateral view of a gymnosperm (conifer). 
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I Figure 8 Sample 5 slide 4. Rays, trachieds and growth rings. Plain polarized light, 1 Ox objective lens. 
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X-Ray Diffraction: 
The clay horizon contained pure montrnorillinite. Also, when the clay horizon XRD 
peaks and the known Sentinel Butte XRD peaks are compared, the peaks are virtually identical 
(Figure 9). 
Grain Mounts: 
The results of the grain mount analysis suggests that sample 1 is not an ash. It 
contained calcite crystals as the main component (Figure 10). Ash should contain glass shards 
as the main component as shown in Figure 11 . The silt fraction from the clay horizon exhibited 
no sign of unaltered glass fragments (Figure 12). The known Sentinel Butte bentonite was 
observed to contain an abundance of unaltered glass fragments (Figure 13). 
Hydrometer Analyses: 
Hydrometer analysis were completed on samples 1 and 2 to determine gram size 
distributions. It was found that sample 1 contained 15.9% sand, 63.6% silt, and 20.5% clay 
respectfully. Sample 2 contained 0.1% sand, 23.0% silt, 76.9% clay respectfully 
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Figure 9 X-ray diffraction peaks of known Sentinel Butte bentonite (top) and clay 
horizon (bottom) match almost identically, suggesting that the clay horizon is 
pure montmorillite. 
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I Figure I 0 Grain mount of white silty material associated with clay horizon (Sample I), Calcite crystals, I Ox objective lens, Cross Polarized light. 
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I Figure 11 Grain mount of an unaltered volcanic ash {locality(?)}, note Glass fragments, 40x objective lens, cross polarized light. 
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Figure 12 Grain mount of the clay horizon (sample 2). 1 Ox objective lens, 
Cross Polarized Light, Relative mineralogy amounts: 5% feldspar, 40% 
quartz, 50% calcite, 5% (?). 
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Figure 13 Grain mount of known Sentinel Butte bentonite. 1 Ox objective lens, cross 
polarized light. Relative mineralogy amounts: 35% quartz, 50% calcite, 
10% glass fragments, 5% (?). 
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DISCUSSION AND CONCLUSIONS 
Modes of F ossi1ization: 
Permineralization is the dominant mode of fo ssilization. It primarily occurs in 
tracheids, although replacement of organic material by silica does also occur within samples in 
veins and fractures (Figure 14, 15 & Appendix C). An example of permineralization can be 
seen in sample 20 slide 6 where silica ions precipitated from solution and filled the cell cavities 
thus preserving the cellular structure. 
Replacement is the second mode of fossilization observed. It is concentrated along 
veins and fractures. Cellular structure is virtually eliminated by the replacement of plant 
structure with silica. Examples are noted in sample 8 slide 5 and slide l O slide 3 (Figure 16 & 
17). Microcrystiline quartz is the primary silica phase noted in sample 10 slide 3 although 
some chalcedony is present as well. 
Is Original Organic Material in Sentinel Butte Petrified Wood? 
There are a number of points that can be made that suggest that there is organic material 
in the petrified wood. 
1.) Material (probably organic) was removed by the LOI method. 
2.) Walls of tracheids, rays and growth rings appear brownish orange in color (Figure 
18). 
3.) Scanning electron microscopy analysis proved that the brownish orange coloration 
was not due to the presence of iron. 
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Figure 14 Sample 5 slide 4, Permineralization is the dominant form of fossilization 
which occurs within tracheids and rays, cross polarized light, 40x objective 
lens. 
24 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Figure 15 Sample 20 slide 6, Permineralization occurring in veins and fractures . Cross polarized light, 1 Ox objective lens. 
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I Figure 16 Sample 8 slide 5. Replacement of plant structures with silica. Cross polarized light, 1 Ox objective lens. 
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Figure 17 Sample 10 slide 3. Replacement of cellular structures with silica. 1 Ox 
objective lens, cross polarized light. 
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I Figure 18 Sample 20 slide 6. Tracheid and ray cellular walls appear brownish orange in color. Plain polarized light, 1 Ox objective lens. 
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Sample 8 slide 5 contained 16.54% LOI, which suggests that organic material may 
have been burned off. Silica could not have been evaporated at 760 °C. Sample 8 slide 5 has a 
"mottled" look to it primarily due to the process of colaification, the partial decomposition of 
organic material prior to silicification. The dark brownish orange bands are organic rich areas 
(Figure 19). The LOI analysis in sample l O slide 3 exhibited only 1.59% LOI. The percentage 
that this represents is probably only enough to give the trachied and ray walls their brownish-
orange color. If organic material does exist it is bound at the molecular level, to silica. The 
principal compound which encrusts the walls of the plant cells is lignin, which imparts rigidity 
to the cell wall. 
A scanning electron microscopy analysis was conducted on sample 20 slide 6 which 
revealed an absence of iron peaks (Figure 20). This reaffirms the microscopy analysis of the 
absence of iron. 
Testing the Gymnosperm Hypothesis: 
Do the petrified wood samples represent gymnosperms? If they are gymnosperms, how 
can one distinguish them from other types of trees? To discover the species of the trees that 
were obtained as specimens, one must first define the associated terms. An angiosperm 
(primarily a hardwood) is a plant taxon in which the seed of which is born within a matured 
ovary (Esau, 1977) (Figure 21 ). 
The characteristics of this taxon are as follows: 
1.) More varied (structurally) than gymnosperms. 
2.) The wood of primitive vessel dicotyledons is simple, but that of vessel containing 
species is usually complex. 
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Figure 19 Sample 8 slide 5. The "mottled look" of this thin section is primarily due to 
the process of coalification. Also note brown "bands" which are organic rich 
material (lignin). Plain polarized light, lOx objective lens. 
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Figure 20 Results of scanning electron microscopy analysis conducted on Sample 20 
slide 6 exhibit a lack of iron peaks. This suggests that the brownish areas 
within tracheid and ray walls are organic. 
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Figure 21 Block diagram of vascular cambium of a dicotyledon (angiosperm). The axial 
system consists of vessel members, fiber-tracheids, and axial xylem 
parenchyma strands in terminal position (Esau, 1977). 
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3.) Serration is pronounced between cambial cells in gymnosperms. 
Serration may be observed by the ontogenetic enlargement of the vessel members and the 
consequent displacement of adjacent cells (Esau, 1977). The secondary phloem m 
gymnosperms or conifers is usually simpler and less variable among species than m 
dicotyledons (Esau, 1977)(Figure 22). The characteristics of gymnosperms are as follows: 
l .) Lack of vessel elements. 
2.) Tracheids averaging 2 to 5 mm. 
3.) Early wood tracheids have circular bordered pits. 
4.) Rays in conifers are 1 cell wide. 
Based on the lack of vessel elements on several thin sections, it was determined that the 
specimens collected were gymnosperms. 
The collected petrified wood samples are consistent with the metasequoia, however 
more information is needed for a conclusive determination. Additional tangential thin sections 
are needed which could exhibit cross-field pit patterns to possibly determine if the large cell 
marked is a resin. Also, foliage would be a quick indicator of sequoia or metasequoia as the 
needles of the metasequoia are directly opposite, instead of alternate, as in the sequoia. 
Is the Clay Horizon a Bentonite? 
Initial field observations suggested that the clay horizon could be a bentonite due to the 
swelling characteristics and continuity of this horizon (Figure 23 ). Pros and cons of this 
hypothesis and listed below: 
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Figure 22 Block diagram of vascular cambium of a gymnosperm (a conifer). The axial 
system consists of trachieds and some parenchyma cells. The rays contain 
only parenchyma cells (Esau, 1977). 
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Figure 23 Lateral continuity of the clay horizon (note petrified stumps). 
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Pros: 
Cons: 
1.) The X-ray diffraction analysis of clay horizon contained pure montmorillinite 
and the peaks match the known Sentinel Butte bentonite (Figure 9). 
36 
2.) The clay horizon appears to have encompassed petrified wood which would suggest 
an almost instantaneous event. 
3.) Sample 2 appears to have a slight popcorn texture which could be 
compared to the known Sentinel Butte bentonite (Figure 24). 
4.) The sample was composed of 76.9% clay. 
5.) It was found in the same stratigraphic position as the known Sentinel Butte 
bentonite (just above the basal sandstone). 
1.) Grain mount analysis did not show any unaltered glass shards in the clay horizon 
(known Sentinel Butte bentonite contains an abundance of glass shards). 
It appears that the clay horizon is a lateral continuation of the Sentinel Butte bentonite. 
Further Studies: 
Several questions remain unanswered regarding the petrified wood of the Sentinel Butte 
Formation which warrant further study. A more thorough analysis of the thin sections using 
scanning electron microprobe would be helpful in fully characterizing the composition of the 
remnant organic structures. The lack of root structures (figure 25) may indicate that the stumps 
were subject to transportation. Further analysis of the stump orientation and root system 
morphology is warranted. Comparisons should be made of Sentinel Butte petrified wood to 
other petrified wood samples in North Dakota and elsewhere to further enhance the 
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I Figure 24 Close-up of continuous clay horizon and associated white material. Also, note popcorn texture of the clay horizon. 
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Figure 25 Petrified stump within the clay horizon. Note the absence a root system. 
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understanding of the fossilization process and the requisite paleoenvironmental conditions. 
Finally, further chemical studies of the clay horizon are warranted to fully determine if it 
represents a lateral continuation of the Sentinel Butte bentonite mentioned by Forsman (1985). 
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APPENDIX A 
Study Site Collected Sample Descriptions 
Location I 
Petrified stumps noted 15 feet above scoria bed. Stumps are located within a gray 
clayey material. 
Location 2 
Petrified stumps are noted to exhibit carbon buildup on the surface. 
Location 3 
Petrified stumps located stratigraphically lower than the continuous clay horizon. 
Location 4 
Continuous clay horizon noted, petrified stumps observed. Clay horizon noted to dip 
one degree to the southwest. 
Location 5 
Tree stump observed with in the clay horizon. White silty material noted to be 
associated with clay horizon. 
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Location 6 
Five stumps noted on the southeast slope. 
Location 7 
Noted four stumps between locations six and seven. 
Location 8 
Coalified petrified wood, samples collected. A one meter coal vein was observed. 
Location 9 
Three petrified stumps observed, area contained some coalified stumps. 
Location 10 
An abundance of petrified wood is noted. Stumps are 2 1/2 meters long by 1 1/4 meters 
at the base. Small quartz crystals are noted on stumps. 
Location 11 
Stumps are scattered throughout area. The clay horizon is approximately 7 meters 
thick. 
Location 12-17 
Stumps observed along continuous clay horizon. 
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Location 18 
Petrified stump is noted to be stratigraphically higher contained within a sandstone 
matrix. Massive slumping noted around the stump. 
Location 19-20 
Observed petrified stumps appear to have a "woody" or breakage character, but in fact 
they are more poorly fossilized than the other parts of the stump. 
Location 21 
An abundance of petrified stumps are observed. 
Location 22-27 
Petrified stumps noted along clay horizon. 
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APPENDIXB 
Hand Sample Characterization 
Sample 5 slide 4 The overall color is buff to orange yellow. One third of the sample appears 
dark brown to light brown. Brownish material flakes off and appears woody (has 
fibrous characteristics) (Figure 26). 
Sample 10 slide 3 Exterior appears buff to light tan in color. A cross-sectional view exhibits 
contorted growth rings. Silica is present as quartz crystals on the outer portions of the 
sample (Figure 27). 
Sample 8 slide 5 Sample appears coalified. Decomposed organic material as well as coal are 
present in the sample. The sample is dark brown and black in color. Cross-sectional 
view exhibits blebs of black (xylem) portions in a dark brown matrix (Figure 28). 
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Sample 23 slide 7 Silica is present integrated as approximately one third the sample. The outer 
portions of the sample exhibit a buff orange exterior with a dark brown interior. Sample 
breaks along growth rings readily (Figure 29) 
Sample 20 slide 6 Exterior of the sample appears buff to tan in color. Interior is dark brown 
and growth rings appear contorted (Figure 30). 
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Figure 26 Hand specimen number 5 (sample 5 slide 4). Note areas of carbon buildup and 
the general variability. 
Figure 27 Hand specimen number IO (sample 10 slide 3 ). Note growth rings present 
within the sample. 
44 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Figure 28 Hand specimen number 8. Note area in the center of the stump, this is due to 
the process of coalification. 
Figure 29 
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I Figure 30 Hand specimen number 20. Note petrified wood fragments , these areas are more poorly silicified. 
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APPENDIXC 
Silica Observations 
Sample 23 slide 7 Quartz crystals appear discolored as well as shades of brown. Megaquartz 
crystals have a high degree of biofringence. In general, microcrystaline chert grades 
into fibrous chalcedony and finally megaquartz. The fibrous chalcedony has a 
botyroidal shape. The biofringence is moderate compared to megaquartz. Chert is 
observed to contain a low biofringence. The silica has replaced organic structure in the 
large veins that are present throughout the sample. The inner portions of the 
tracheids have been completely replaced by silica ( chert). Chert appears in trachied 
centers and walls are vaguely discernible. 
Sample 20 slide 6 Chert can be in the trachied centers. Chert/chalcedony are also present in 
veins that are located throughout the sample. Chert is observed to predominate and has 
a low biofringence throughout the sample. 
Sample 8 slide 5 Chert/ chalcedony are present in large xylem areas, and in some places seen 
broken down trachied walls. Chert is located in trachied centers. Although 
chert/chalcedony has a low biofringence, they are numerous. 
Sample 5 slide 4 Chert is present in trachied centers. Chert appears to have a very low 
biofringence and does not appear in rays or growth rings. 
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Sample IO slide 3 Chalcedony appears in veins and is vaguely discernible in tracheids. Chert 
also appears to be replacing tracheids in some areas of the slide. 
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APPENDIXD 
Cellular Structure Characterization 
Sample 20 slide 6 Growth rings are the most predominant structure in the slide. However, 
tracheids and rays are highly visible. Tracheids are part of the xylem, where most of the 
water and nutrients flow longitudinally in the tree. Rays are also predominant feature 
and exemplify where water and nutrients flowed laterally. 
Sample 8 slide 7 Dark orange colored bands appear throughout the sample, they seemingly 
lack structure. There are also opaque bands that are in close proximity with these 
orange bands. Portions of well preserved xylem are present in "patches" throughout 
the slide. Although under higher magnification it appears that trachied walls are being 
broken down. 
Sample 5 slide 4 Rays, tracheids and tree rings are the most predominant structures 
observed. These structures are part of the xylem. 
Sample 23 slide 7 Tracheids, rays and growth rings appear as the most predominant 
structures. Growth rings appear as dark orange bands. 
Sample 10 slide 3 Tracheids, rays and growth rings are present within the sample. 
Tracheids are thick and dark orange. 
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